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It is widely agreed that major improvements in the safety, quality, and eﬃciency of health care in the US require a National Health
Information Infrastructure. To accomplish this, eﬀorts are now underway in many communities to build local or regional health infor-
mation infrastructures (HIIs) that provide secure, ubiquitous access to complete health care information. To facilitate the assessment and
monitoring of the progress of operational HIIs toward completion, we propose a framework of four key measures of requirements that
must be ultimately be met: (1) completeness of information, (2) degree of usage, (3) types of usage, and (4) ﬁnancial sustainability. To
evaluate the framework, it was used by the authors to qualitatively assess HII projects in cooperation with four leading communities,
resulting in ratings of 78% for Bellingham, WA, 63% for Indianapolis, IN, 60% for South Bend, IN, and 74% for Spokane, WA. Qual-
itative assessment of community HII systems may be helpful in monitoring progress, comparing projects, and understanding the remain-
ing tasks needed for completion. Additional testing and reﬁnement of the proposed framework is needed to further understand and
improve HII progress measurement capabilities.
 2006 Elsevier Inc. All rights reserved.
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The origins of the National Health Information Infra-
structure can be traced back at least as far as 1991, when
the Institute of Medicine (IOM) called the electronic health
record (EHR) ‘‘an essential technology for health care’’ [1].
While that report and its revised version in 1997 spurred
considerable action and some progress, the ‘‘To Err Is
Human’’ report from IOM in 2000 [2] really focused the
attention of the nation on the pervasive problems of safety
and quality in our health care system. The IOM has made
it clear that widespread application of modern information1532-0464/$ - see front matter  2006 Elsevier Inc. All rights reserved.
doi:10.1016/j.jbi.2006.01.002
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1 Managing Partner, NHII Advisors, USA.management is an essential prerequisite to solving these
problems.
These issues have been further described and detailed in
subsequent reports from the IOM [3,4] and other national
expert panels including the President’s Information Tech-
nology Advisory Committee [5,6] and the Computer Sci-
ence and Telecommunications Board of the National
Research Council [7]. In 2001, the National Committee
on Vital and Health Statistics (NCVHS), a statutory advi-
sory committee to the US Department of Health and
Human Services (DHHS), explicitly recommended devel-
opment of a National Health Information Infrastructure
(NHII) [8]. By then, it was recognized that EHR systems
would need to interconnect and communicate to ensure
that patient information dispersed among multiple sites
of care could be assembled into a complete record that
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needed. Besides improving the safety and quality of health
care, NHII would also save the nation an estimated $120
billion annually, or about 8% of current health care spend-
ing [9]. Modern information management is now clearly
recognized as an essential element for improving all aspects
of health care, leading the IOM Committee on Patient
Safety to conclude in 2003 that ‘‘establishing this informa-
tion technology infrastructure [NHII] should be the highest
priority for all health care stakeholders’’ [10].
A key implementation strategy emanating from the
IOM, the 2003 NHII meeting [11], and the DHHS Strategic
Framework [12] is the concept of building local and/or
regional health information infrastructures (HIIs) that
would develop the organizational, ﬁnancial, legal, and
technical capabilities needed to interconnect all sources of
health information [13]. Since health care itself is a local
activity, and the diﬃcult sociopolitical issues related to
sharing health information are more tractable at the local
level, this seems to be both a pragmatic and feasible
approach.
During the last 15–20 years, several communities around
the country have created HIIs [14]. At the outset, none of
these communities had any other objective than to create
a means of improving patient care or decreasing the costs
of deploying information technology in their communities.
Today, however, these communities stand as examples of a
variety of strategies of how to approach the creation of
HIIs.
2. Background: the need for progress metrics
As more and more communities begin to implement
HIIs, there is a clear need to assess progress toward well-
deﬁned goals. Simply saying that a community has a health
information exchange that is operational does not ade-
quately describe the activities in suﬃcient detail to allow
meaningful ongoing assessment of progress or comparison
to other communities. It is therefore necessary to identify
key metrics that can serve as eﬀective descriptors of these
eﬀorts. In addition to allowing meaningful comparisons
between projects, such metrics would allow each communi-
ty to both recognize intermediate achievements and clearly
characterize remaining challenges on the road to a ‘‘com-
plete’’ infrastructure.
The need for an eﬀective measurement framework has
been recognized and addressed in both the 2003 and 2004
NHII meetings, as well as by the NCVHS NHII Work-
group. Yasnoﬀ et al. [15] described desiderata for measures
of community HII progress, indicating that they should
ideally be: (1) suﬃciently sensitive so that their values
change at a reasonable rate; (2) comprehensive enough to
reﬂect activities that impact most of the stakeholders and
activities needing change; (3) meaningful to policymakers;
(4) easy to measure; and (5) reﬂective as a whole of the
desired end state so that when the goals for all the measures
are attained, the project is complete.There are limited previous reports of proposed measures
related to community HII development. Overhage et al.
[14] deﬁned six ‘‘developmental stages’’ for communities,
which can be very useful in characterizing the progression
of HII-related organizational activities. However, the stag-
es do not (and were not intended to) relate to the degree
and extent of actual HII operations. Sittig et al. [16], in a
follow-up to discussions at the 2004 NHII meeting,
attempted to delineate a framework for assessing progress
of the overall NHII using measures primarily focused on
the expected outcomes of NHII use. Since such impacts
are unlikely to be easily measurable until the systems are
relatively near completion, this approach appears to be of
limited value within communities during the development
of HII systems. Also, since the correspondence between
speciﬁc information infrastructure elements and outcomes
is complex and often indirect, it cannot serve to guide
implementation activities. In this report, we attempt to spe-
ciﬁcally address the issue of ongoing evaluation of commu-
nity HII progress using a framework based on assessing
the ‘‘degree of completion’’ of the operational elements rel-
ative to speciﬁc requirements.
3. Methods
We propose a framework for evaluating the progress of
communities along the path to a fully completed health
information infrastructure (HII) by ﬁrst deﬁning four key
requirements that, in our view, should be fully met to con-
sider such a system to be completely functional (Table 1).
An assessment instrument was developed that allows
qualitative evaluation of the degree to which each of these
requirements was accomplished. To aid in this, sub-catego-
ries were added to several of the requirements to gain addi-
tional granularity around progress. A 5-point scale was
used to assess each subcategory with a 1 generally indicat-
ing 0–20% participation on a given subcategory and a 5
representing 80–100% participation. Even if there was only
a small degree of work being done in a given area, the score
was provided in the band. For example, if a community
had a small number of patients (2%) participating in per-
sonal health records, that community was given a score
of 1 instead of zero on that subcategory. We chose to limit
the ratings to a 5-point scale to avoid creating the impres-
sion of more precision than is justiﬁed by the methodology.
A summary score is then generated and assessed against
perfect scores for all requirements in the instrument. Each
requirement is then normalized to an equal weighting of
25% to attain a ﬁnal normalized, weighted score.
To give requirement 1 (completeness of information)
more clarity, we divided it into 8 categories, each scored
on a 0–5 scale: (1) inpatient (hospital), (2) outpatient
(ambulatory), (3) long-term care, (4) home health/personal
health record (PHR), (5) laboratory results, (6) outpatient
medications, (7) imaging, and (8) insurance claims. Thus, a
score of 40 points would represent a community having all
relevant data available in every category.
Table 1
Key requirements for complete functionality of community health information infrastructure
1. Completeness of information: All medical information on everyone in the community is in the system and accessible at all points of care
2. Degree of usage: Relevant parties in the community are using the system—providers and patients alike
3. Type of usage: The information is used for the entire spectrum of health care needs: patient care, public health, clinical research, quality improvement,
and healthcare operations
4. Financial sustainability: The implementation of the information infrastructure is ﬁnancially sustainable, funded by an ongoing
permanent source of operational revenue
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imum of 10 points to the overall score if all providers and
all patients were using the system. Half the points were
allocated to each of the two categories of users.
The third requirement, types of usage, was categorized
somewhat diﬀerently. In this case, each usage type was rat-
ed in a binary fashion for presence or absence of a given
criterion. This allowed a maximum of 5 additional points.
The categories used are: (1) patient care, (2) public health,
(3) clinical research, (4) quality improvement, and (5)
health care operations. We were liberal in scoring these
usage types. If there was even a small amount of work
being done in a given category, a rating of 1 was given.
The ﬁnal requirement, ﬁnancial sustainability, was grad-
ed on a 5-point scale reﬂective of the percentage of the
overall budget generated from operational (as opposed to
one-time or special) sources. As done for axis 1, the points
assigned represent the quintiles, with 1 point being 1–20%,
2 points 21–40%, etc.
The maximum composite score from all these measures
is 60 points (40 points from requirement 1, 10 from require-
ment 2, and 5 each from requirements 3 and 4), represent-
ing a totally complete HII. To balance the weights of each
requirement equally, a weighted average was generated giv-
ing each of the main 4 axes equal weighting of 25%—thus a
percentage was ﬁnally generated that reﬂects the percent-
age of completeness of the given LHII.
We did not consider privacy and security in the scope of
these requirements since these are such intrinsic issues that
clearly must be addressed as a prerequisite to HII develop-
ment at the outset. Therefore, there seemed to be no beneﬁt
in developing measures relating to privacy or security, par-
ticularly since our focus was assessment of operational
progress.
We then selected four communities around the nation
that have been cited for having made signiﬁcant progress
in the implementation of community-wide HII initiatives
in the past 15 years [17–19]. We attempted to select com-
munities where such implementations were operational to
a signiﬁcant extent, so that the proposed measures would
have intermediate values. In addition, at least one of the
authors made a site visit to each community to observe
the system in action and interview key stakeholders. The
authors scored each community independently, and the
results were averaged. Scores were only modiﬁed only if
there was more than a 2-point disparity between the
authors. The ﬁnal score was decided solely by the authors.
HIIs that were found to be non-operational (i.e., in betatesting or other pre-production phases of development)
were excluded from study. This was done to allow for a
complete assessment since all four requirements could not
be evaluated in a non-operational HII.
Each community, to be considered for this assessment,
provided a key leader in the project for an interview by
the last quarter of 2005 and had to demonstrate that their
HII was operational. In late 2005, this leader was subse-
quently asked to review and comment on the proposed rat-
ings of their own project to minimize any inaccuracies
caused by errors or misunderstandings by the outside
reviewers. The ratings are not self-assessments, however,
as the ﬁnal results are based solely on the judgment of
the authors. Also, no community representative was given
the opportunity to see preliminary or ﬁnal ratings of any
HII projects other than their own.
4. Results
Descriptions of each of the four US communities that
were assessed can be found in Table 2, while the detailed
tabulated results of scores in each category and overall
totals are provided in Table 3. As anticipated, all the com-
munities were intermediate between the extremes of 0 (no
operations) and 100 (completely operational in every
aspect). The scores varied from a low of 60% in South
Bend, IN to a high of 78% in Bellingham, WA. The average
score is 69% ± 8.8%.
The degree of data available for use in the communities
reviewed ranged between 40 and 53%.
For the second requirement (degree of usage), the maxi-
mum score achieved for all communities was 60%. In most
cases, the lack of engagement was on the patient side of the
metric. It should also be noted that not all communities cur-
rently provide a means for patients to actively utilize the
community’s available data for their own review and use.
For the third requirement (uses of information), we
found that all but one of the communities were using their
HIIs for all aspects within the metric. We also found that it
was the intention of the fourth, South Bend, to move into
the areas of public health and clinical research as their HII
continues to mature.
For the fourth requirement, we found that three of the
four HIIs were ﬁnancially sustainable, meaning that they
were able to garner all funds needed to sustain their infra-
structure and services from operational sources in the com-
munity—either from a subscription or a usage fee. The
fourth, Indianapolis, is actively engaged in creating new
Table 2
Descriptions of each of the four US communities assessed
Location: Bellingham, Whatcom County, Washington
Community: Population 300,000 in Northwest Washington State
Patients Served: 300,000
Description: The main institution reviewed was St. Joseph’s Hospital, part of PeaceHealth. In addition to having a regional healthcare information
organization that provides computing services, a hospital-based EHR, and community services such as e-mail, Bellingham also provides its patients
with a sophisticated personal health record called the Shared Care Plan. This contributed heavily to the patients’ participation in this community
Architecture: Centralized
Location: Indianapolis, IN
Community: Large, metropolitan city in the Midwest, population 1,000,000
Patients Served: Over 5 million
Description: Indianapolis’ HII was founded at the Regenstrief Institute nearly 15 years ago. It started with a plan to share information between 5 hospital
emergency departments in the region. Over the years, through research grants and more recently through the Indianapolis Health Information
Exchange, this HII has grown to have several thousand physician users
Architecture: Federated-centralized
Location: Spokane, WA
Community: Population 500,000 in central Washington
Patients served: Over 3 million in 5 states and Canada
Description: Spokane’s Inland Northwest Health Services (INHS) started over 10 years ago after two competing IDNs suﬀered a catastrophic loss in an
air-ambulance helicopter crash. The two main competing IDNs created a trusted third party, INHS, to manage the air-ambulance (medi-vac) for the
region. Two years later, the success of that program prompted the main stakeholders Sacred Heart and Empire Health Services to focus on INHS taking
over responsibility for IT services for both institutions
Architecture: Centralized Meditech system
Location: South Bend, IN
Community: Small town in Northern Indiana, population 110,000
Patients Served: Over 200,000
Description: The Michiana Health Information Network (MHIN) was established in 1998 after 3 years of feasibility studies and pilot programs
demonstrated a strong need for electronic health information sharing. It uses application system services from the South Bend Medical Foundation
(SBMF), a non-proﬁt community laboratory that performs the majority of clinical testing in the area, Cerner Corporation, and Saint Joseph Regional
Medical Center (SJRMC). MHIN serves over 1100 users including over 80% of area physicians, including meticulous security ensuring that records can
be accessed only by authorized users with a deﬁned relationship to the patient’s care process
Architecture: Centralized Cerner system
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Exchange (IHIE) with the intention of becoming self-sus-
taining within the next 1–2 years.
5. Discussion
When the entire instrument was tallied for all four com-
munities, interesting observations emerged. First, the com-
munity with the highest score was Bellingham, Whatcom
County, Washington. This community of 300,000 citizens
at ﬁrst blush did not appear to have the most sophisticated
system. However, due to a combination of heavy use by cli-
nicians and patients alike, they earned a higher overall
score. This is not to say that Bellingham is ‘‘complete,’’
even by this instrument. However, when assessing these
speciﬁc variables, they have a slightly more complete HII
than some much larger communities around the country.
It is interesting to note that of the four groups reviewed,
only one demonstrated that they were more than 75% of
the way towards a complete HII using our framework.
Therefore, even though these communities are among the
most sophisticated installations in the nation, there contin-
ues to be ample opportunity to advance capabilities around
making more complete information available, providing
patients better, more complete access to their data, and
providing models that are ﬁnancially stable and sustain-able. In only one case (Bellingham, WA) did we ﬁnd a
sophisticated PHR as part of the HII system.
While we did not assess the information systems archi-
tecture installed in these communities as part of this instru-
ment, it is interesting to note all four of the communities
reviewed in this exercise utilized some form of a centralized
database, whether a true centralized data repository or a
federated-centralized model.
Due to the nature of this exercise, it was not feasible to
perform additional studies to test the instrument’s validity.
However, we believe that this study and its metrics provide
useful information on progress towards meeting the stated
requirements. Taken together, the subscores and ﬁnal scores
provide a relative comparison between community HIIs.
The central assumption of this analysis is that the four
axes measured represent the key requirements in the devel-
opment of HIIs that should be monitored. Clearly, if other
requirements are deemed to be more important, they would
need to be added or substituted for the four that were used
in this analysis. While it is clear that there are many more
potential areas of interest in HII projects that were not
assessed, these relate to issues that occur earlier (such as
organizational development) or later (such as the eﬀect
an HII has on the general health and well being of a com-
munity) in the process of HII development, rather than to
operational progress, which is the focus of this report.
Table 3
Tabulated data from HII visits
Spokane, WA Whatcom County, WA Indianapolis, IN South Bend, IN
I. Completeness of Information
In patient (hospital) 5 5 5 5
Out patient (clinical) 1 1 2 1
Long term Care 1 0 0 0
Home Health/PHR 1 0 0 0
Labs 5 5 5 5
Out patient medications 0 1 3 2
Imaging 4 5 4 3
Claims 2 4 1 0
Section I subtotal 19/40 (48%) 21/40 (53%) 20/40 (50%) 16/40 (40%)
II. Degree of Usage
Doctors 5 5 4 4
Patients 0 1 0 0
Subtotal section II 5/10 (50%) 6/10 (60%) 4/10 (40%) 4/10 (40%)
III. Type of usage
Patient care 1 1 1 1
Public health 1 1 1 0
Clinical research 1 1 1 0
Quality improvement 1 1 1 1
Health care operations 1 1 1 1
Subtotal Section III 5/5 (100%) 5/5 (100%) 5/5 (100%) 3/5 (60%)
IV. Financial sustainability 5/5 (100%) 5/5 (100%) 3/5 (60%) 5/5 (100%)
Total for all scores 34/60 37/60 32/60 28/60
% of total score 57% 62% 53% 47%
Weighted score (25%/Section) 74% 78% 63% 60%
Average for all communities, standard deviation 69% (±8.8%)
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these other important stages in the HII creation process.
There are a number of important limitations of this study:
• The measures of usage are admittedly crude, and their
reproducibility must be tested in subsequent studies.
We believe that the process of generating a score, no
matter how rudimentary, provides helpful relative and
internal direction. In addition, more speciﬁc and granu-
lar measures are likely to be needed to assess progress in
a community that would score 100% on the current scale
(e.g., reliability and availability of the system, disaster
preparedness, and backup).
• The equal weighting of the four requirements was arbi-
trary. Other weightings could be used and might pro-
duce somewhat diﬀerent results.
• This is an assessment of information systems capability
and usage. It does not take into account factors outside
of that domain such as the degree of stakeholder sup-
port, eﬀectiveness of governance, or user satisfaction.
• These measures have no value for communities that are
currently not operational (i.e., in the planning stages of
an implementation), as they would receive a rating of
zero using this instrument.
• The degree of data encoding of the electronic information
(i.e., the amount of ‘‘free text’’) in a given community was
not part of the assessment. While the authors believe thatthere is a natural progression towards totally encoded
data capture from systems that rely on free text, that
assessment is left to additional research and was consid-
ered outside the scope of this study. For the purposes of
this assessment, the mere presence of electronic data in
any form (thatwas available to users other than those that
produced it) was considered a positive, ratable event.
• Other sets of criteria and measurement frameworks
would result from using a diﬀerent set of requirements.
• We made no attempt to quantify the quality and/or
validity of data and information with in a given commu-
nity. For example, the quality of patient entered data in
a PHR may or may not necessarily be as reliable as data
generated from clinician’s notes, laboratory systems, or
pharmacy/PBM data.
With respect to the desiderata cited by Yasnoﬀ et al., our
instrument does appear to ﬁt the criteria as speciﬁed. Based
on the observed variations between communities, the instru-
ment seems to be very sensitive to changes and therefore as
communities progress, the values would change at a reason-
able rate. Similarly, the observed variation between commu-
nities provides suﬃcient resolution to distinguish the
diﬀerences in the observed cases. It is comprehensive enough
to reﬂect activities that impact most of the stakeholders and
activities needing change, as it includes a wide-ranging set of
questions to assess an HII’s degree of completeness. While
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appears to be suﬃcient information measured to give an
objective qualitative perspective of an HII’s completeness.
The instrument is relatively easy to use, requiring less than
an hour to complete after a 1-day site visit to gather the
raw information. And lastly, it is reﬂective of the complete
nature of an HII because it assesses the key requirements.
If a community scores 100%, we believe the HII can be con-
sidered complete (with the exception of fully encoding all the
information, as noted above).
This framework is intended only as a ﬁrst step in what will
likely be an ongoing process of development and reﬁnement
of eﬀective metrics for HII assessment. Nevertheless, we
believe the results presented demonstrate its utility in assess-
ing issues and features that diﬀerentiate existing, operational
HIIs. It also provides practical guidance to communities by
identifying the remaining opportunities that exist to move
their HII system further along the path to completion.While
it is clearly not necessary to have a ‘‘complete’’ HII infra-
structure in order to provide value, it may be important later
in the evolution of these communities to provide additional
services to their citizens and clinicians.
6. Conclusion
A framework for assessment of HII progress has been
developed and applied in the evaluation of four communi-
ties. It appears to provide a reasonable, objective assess-
ment of the degree of completeness of a community HII.
Further research is needed to evaluate these measures
and determine their true usefulness for monitoring progress
toward HII implementation across the nation.
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